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(54) AIRCRAFT VERTICAL PROFILE DISPLAY INCLUDING WEATHER ICONS

(57) An onboard aircraft vertical profile display (40)
includes weather information indicating weather condi-
tions proximate the aircraft depicted by a symbol (42). In
some examples, the vertical profile display (40) includes
one or more weather icons (56A, 56B, 56C), each weath-
er icon (56A, 56B, 56C) indicating a weather condition

for a volume of space at a particular altitude. Each weath-
er icon (56A, 56B, 56C) is displayed within the vertical
profile display (40) at a portion of the vertical profile dis-
play (40) corresponding to the altitude of the weather
condition indicated by the particular weather icon (56A,
56B, 56C).



EP 2 966 408 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The disclosure relates to aircraft weather sys-
tems and methods.

BACKGROUND

[0002] In some cases, a weather system of an aircraft
includes a display that provides a visual indication of
weather conditions proximate the aircraft. The weather
system can determine the weather based on, for exam-
ple, a radar system onboard the aircraft.

SUMMARY

[0003] The disclosure describes example devices,
systems, and techniques for generating and presenting
a vertical profile display including weather information for
an aircraft. In some examples, the weather information
includes one or more weather icons, each weather icon
indicating a weather condition for a particular volume of
space at a particular altitude. The weather icons are dis-
played at a portion of the vertical profile display corre-
sponding to the altitude of the weather condition indicated
by the particular weather icon. In this way, the vertical
profile display may enable a user to quickly ascertain the
location of particular weather conditions.
[0004] In addition, in some examples, the vertical pro-
file display may include a hazard band indication that
indicates a vertical extent of detected hazardous weath-
er. The hazard band indication includes an upper limit
line that is displayed (within the vertical profile display)
at a position that corresponds to an altitude greater than
or equal to a highest altitude above which no hazardous
weather is detected. In some examples, the hazard band
indication comprises first and second limit lines that de-
fine a hazard block representing a range of altitudes in
which hazardous weather was detected, and, therefore,
may represent a range of altitudes that should be avoided
by the aircraft. A vertical profile display that presents one
or more weather icons together with a hazard band indi-
cation may help a user relatively quickly ascertain the
type of weather indicated by the hazard band indication.
[0005] In one aspect, the disclosure is directed to a
method comprising receiving, by a processor, weather
information, and generating, by the processor, a vertical
profile display based on the weather information, wherein
the vertical profile display comprises one or more weath-
er icons, each weather icon indicating a weather condi-
tion for a volume of space at a particular altitude, and
wherein generating the vertical profile display comprises
positioning each weather icon within the vertical profile
display at a portion of the vertical profile display corre-
sponding to the particular altitude.
[0006] In another aspect, the disclosure is directed to
a system comprising a display and a processor config-

ured to receive weather information, generate a vertical
profile display based on the weather information, and
present the vertical profile display via the display, wherein
the vertical profile display comprises one or more weath-
er icons, each weather icon indicating a weather condi-
tion for a volume of space at a particular altitude, and
wherein each weather icon is positioned within the ver-
tical profile display at the particular altitude
[0007] In another aspect, the disclosure is directed to
a computer-readable medium containing instructions.
The instructions, when executed by a processor, cause
the processor to receive weather information, and gen-
erate a vertical profile display based on the weather in-
formation, wherein the vertical profile display comprises
one or more weather icons, each weather icon indicating
a weather condition for a volume of space at a particular
altitude, and wherein the instructions cause the proces-
sor to generate the vertical profile display by at least po-
sitioning each weather icon within the vertical profile dis-
play at a portion of the vertical profile display correspond-
ing to the particular altitude..
[0008] In another aspect, the disclosure is directed to
a system comprising means for receiving weather infor-
mation, and means for generating a vertical profile dis-
play based on the weather information, wherein the ver-
tical profile display comprises one or more weather icons,
each weather icon indicating a weather condition for a
volume of space at a particular altitude, and wherein gen-
erating the vertical profile display comprises positioning
each weather icon within the vertical profile display at a
portion of the vertical profile display corresponding to the
particular altitude.
[0009] In another aspect, the disclosure is directed to
an article of manufacture comprising a computer-reada-
ble storage medium. The computer-readable storage
medium comprises computer-readable instructions for
execution by a processor. The instructions cause the
processor to perform any part of the techniques de-
scribed herein. The instructions may be, for example,
software instructions, such as those used to define a soft-
ware or computer program. The computer-readable me-
dium may be a computer-readable storage medium such
as a storage device (e.g., a disk drive, or an optical drive),
memory (e.g., a Flash memory, read only memory
(ROM), or random access memory
[0010] (RAM)) or any other type of volatile or non-vol-
atile memory that stores instructions (e.g., in the form of
a computer program or other executable) to cause a proc-
essor to perform the techniques described herein. The
computer-readable medium is non-transitory in some ex-
amples.
[0011] The details of one or more examples of the dis-
closure are set forth in the accompanying drawings and
the description below. Other features, objects, and ad-
vantages of the disclosure will be apparent from the de-
scription and drawings, and from the claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0012]

FIG. 1 is a block diagram illustrating details of an
example weather system configured to display
weather information for an aircraft, in accordance
with one or more aspects of the present disclosure.
FIG. 2 is a flow diagram illustrating an example tech-
nique for generating a vertical profile display that in-
cludes weather icons, in accordance with one or
more aspects of the present disclosure.
FIG. 3 is an example vertical profile display that
presents weather radar information for an aircraft, in
accordance with one or more aspects of the present
disclosure.
FIG. 4 is a flow diagram illustrating an example tech-
nique for generating a vertical profile display that in-
cludes one or more weather icons, in accordance
with one or more aspects of the present disclosure.
FIGS. 5A and 5B are example vertical profile dis-
plays that each include weather radar information
for an aircraft, hazard band indications, weather
icons, and an additional weather alert, in accordance
with one or more aspects of the present disclosure.

DETAILED DESCRIPTION

[0013] In examples described herein, a system is con-
figured to generate and present a graphical user interface
that includes weather information for an aircraft. The
graphical user interface may include, for example, a ver-
tical profile display (also referred to as a vertical situa-
tional display or a vertical profile view) of a flight path of
an aircraft (or another terrain) and one or more weather
icons that indicate a weather condition for a particular
volume of space. The weather icons are each displayed
within the vertical profile display at a portion of the vertical
profile display corresponding to the altitude of the weath-
er condition indicated by the particular weather icon. In
this way, the weather icons may be referred to as altitude-
specific weather icons.
[0014] Example weather conditions that may be pre-
sented by a weather icon include, but are not limited to,
air turbulence, windshears, microbursts, volcanic ash,
storms, rain, snow, hail, low-visibility areas, and high-
altitude ice crystals. Each weather condition may asso-
ciated with a visually distinct weather icon, wherein the
visually distinctness may be provided by one or more
graphical attributes (e.g., color coding, line weight, cross-
hatching, shading, or the like) of the weather icon or oth-
erwise associated with the weather icon (e.g., surround-
ing the icon).
[0015] The system may determine, based on received
weather information, a weather condition and an associ-
ated altitude of the detected weather condition. The sys-
tem may select a weather icon based on the determined
weather condition and display the weather icon in a ver-

tical profile display at the associated altitude of the weath-
er condition. In this way, the weather icon may not only
indicate the type of detected weather, but also the altitude
(e.g., a specific altitude or a range of altitudes) of the
detected weather, and, therefore, provides a localized
weather depiction. A vertical profile display including
weather icons at specific altitudes may help a user more
quickly ascertain the type of weather at a particular alti-
tude.
[0016] A vertical profile display represents a vertical
view (e.g., a cross-section) of a volume of space, and
illustrates a plurality of altitudes. When a graphical object,
text, or the like is described herein as being positioned
at a particular altitude within the vertical profile display,
the graphical object, text, or the like is displayed at a
position within the vertical profile view corresponding to
the particular altitude. Thus, by viewing the vertical profile
display, the altitude of various weather information indi-
cated by the graphical object, text, or the like, in the vol-
ume of space represented by the vertical profile view is
readily ascertainable.
[0017] In some examples, a vertical profile view (also
referred to as a vertical situational display or a vertical
profile display) includes a hazard band indication that
indicates a vertical extent of detected hazardous weath-
er. The hazard band defines a band of altitudes in which
hazardous weather (e.g., weather indicated radar returns
values above a certain threshold) was detected. The haz-
ard band indication includes at least one limit line. An
upper limit line of the hazard band indication is displayed
within the vertical profile view at an altitude above which
there are no detected (or otherwise known) hazardous
weather cells. For example, based on received weather
information, the system may determine a first altitude
above which there is no hazardous weather. The system
may generate a graphical user interface including a ver-
tical profile view including an upper limit line displayed
at a second altitude, the second altitude being greater
than or equal to the first altitude. In some examples, the
system selects the second altitude such that there is no
detected hazardous weather above the upper limit line.
Thus, the upper limit line may define an altitude threshold
above which no hazardous weather was detected. In
some cases, the extent to which hazardous weather may
be detected may be limited by the weather information
with which the system detects the hazardous weather.
[0018] The hazard band indication may provide one
graphical indication of the vertical extent of multiple de-
tected hazardous weather cells, rather than separate
graphical indications for each detected hazardous
weather cell. In this way, the hazard band indication may
simplify the display of weather information, as well as the
amount of time required for a pilot (or other user) to de-
termine the altitude at which an aircraft may be flown to
avoid flying into or under detected hazardous weather
cells. When the hazard band indication is displayed in
conjunction with the altitude-specific weather icons, the
vertical profile display may help a user more quickly as-
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certain the vertical extent of detected weather cells.
[0019] In some examples, the hazard band indication
represents a range of altitudes that in which hazardous
weather detected. For example, the hazard band indica-
tion may comprise first and second limit lines that bound
the altitudes between which hazardous weather was de-
tected. The system may determine a third altitude below
which there is no hazardous weather and generate a low-
er limit line displayed in the vertical profile display at a
fourth altitude less than or equal to the third altitude. In
some examples, the fourth altitude is zero, i.e., at the
ground. The combination of the upper limit line and the
lower limit line may define a hazard block, which indicates
a range of altitudes for which flight should be avoided. In
examples in which the hazard band indication includes
only an upper limit line or examples in which the lower
limit line is displayed at ground level, the hazard block
may be defined between the upper limit line and the
ground.
[0020] The limit lines described herein may each be
displayed with a visual characteristic that is visually dis-
tinct from the remainder of the vertical profile display.
The limit lines may be displayed with any suitable graph-
ical features. For example, in some examples, the visual
characteristic may be associated with the type of haz-
ardous weather detected. In some examples, the vertical
profile display may further include a textual altitude indi-
cation that indicates the altitude of the one or more limit
lines.
[0021] In some examples, in addition to the hazard
band indication, a graphical user interface that includes
a vertical profile view may also include a plurality of
weather blocks. Each weather block indicates the weath-
er in a volume of space associated with the block. For
example, each weather block may include one or more
graphical attributes (e.g., color coding, line weight, cross-
hatching, shading, or the like) that indicates the severity
of the weather in a volume of space represented by the
weather block. The weather blocks may be stacked ver-
tically (in a direction in which altitude is measured) and
horizontally (in a direction associated with forward travel
of the aircraft) in the vertical profile display to define de-
tected weather cells. The vertical extent of the weather
blocks may indicate the altitude of the detected weather
cell, and the horizontal extent of the weather blocks may
indicate the horizontal extent (measured along the
ground) of the detected weather cell. In some examples,
the system generates the weather information based on
radar reflectivity data from a radar system onboard the
aircraft, a weather reporting service, weather data from
other aircraft, or any combination thereof. In some ex-
amples, the weather icons indicating the weather at a
particular altitude may be associated with a particular
weather block and display in conjunction with the weather
block (e.g., in the weather block or next to the weather
block).
[0022] In some examples in which weather blocks are
displayed in conjunction with the altitude-specific weath-

er icons, the weather icons may be displayed within a
specific weather block or adjacent to the weather block.
The weather icon may represent the type of weather as-
sociated with the volume of space represented by the
weather block.
[0023] In some examples, the vertical profile display
includes an indication of primary weather and an indica-
tion of secondary weather that is visually distinct from
the indication of primary weather. Weather can include,
for example, storm cells, turbulence regions, clouds, pre-
cipitation, hail, snow, icing conditions, wind shear, vol-
canic ash, and the like that an aircraft may encounter.
For example, a processor can be configured to receive
radar reflectivity data from a radar system onboard an
aircraft, and, based on the radar reflectivity data, deter-
mine the weather in an altitude band defined relative to
a flight path (e.g., a current flight path or an expected
flight path, or both) for the aircraft (e.g., centered at the
flight path or otherwise including the flight path), and de-
termine the weather outside of the altitude band. Tech-
niques of this disclosure may be implemented with a va-
riety of different types of flight paths, including vertical
flight paths and lateral flight paths, among other types.
The processor may categorize the weather inside the
altitude band as primary weather and the weather outside
the altitude band as secondary weather.
[0024] The processor can generate a vertical profile
display that illustrates at least part of a flight path of the
aircraft, as well as indications of the primary weather and
the secondary weather that falls within the bounds of the
vertical profile display.
[0025] The vertical profile displays disclosed herein
that include weather icons at specific altitudes, and, in
some examples, further include one or more of hazard
band indications, weather blocks, or indications of prima-
ry and secondary weather, may present weather infor-
mation in a manner that relates it to the current or ex-
pected flight path of the aircraft, which may enhance a
flight crew’s overall situational awareness. Knowing both
horizontal travel distance from storm cells (or other ad-
verse weather conditions) and the altitude of the storm
cells in relation to an expected flight path may better allow
pilots to safely navigate the aircraft relative to the poten-
tially adverse weather conditions. Unlike lateral weather
displays, the vertical profile displays described herein
display weather information relative to altitude, which
may enable a pilot to quickly ascertain, from the vertical
profile view, the vertical extent of a detected weather cell.
This may be useful for vertical flight path management.
[0026] Displaying weather information in a vertical pro-
file view allows for conflict awareness and alerting to
these external weather hazards, as the specific, three-
dimensional location data for this weather information
can be directly compared to a flight path, warning a pilot
if the flight path may lead to an intersection with the de-
tected weather. The vertical profile view may also allow
pilots to see weather information that may affect any al-
terations to a flight path but that is not currently directly
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in the direct vicinity of the flight path, i.e., secondary
weather.
[0027] FIG. 1 is a block diagram illustrating details of
an example system 10 configured to generate and dis-
play a vertical profile display that includes one or more
weather icons positioned within the vertical profile display
to indicate the altitude of the weather condition associ-
ated with the weather icon. System 10 may be onboard
an aircraft (also referred to as an "ownship") in some
examples, and may be external to the aircraft in other
examples. System 10 includes processor 12, weather
radar system 14, memory 16, and user interface 18,
which includes display device 20. Processor 12 may be
electrically coupled to radar system 14, user interface
18, and memory 16. Processor 12 may also be configured
to communicate with other various aircraft systems 30,
which may include, for example, a flight management
system (FMS), an air data computer (ADC), a Inertial
Navigation System (INS), a Global Positioning System
(GPS), or any combination thereof.
[0028] Processor 12, as well as other processors dis-
closed herein (including radar controller 28 discussed
below), can comprise any suitable arrangement of hard-
ware, software, firmware, or any combination thereof, to
perform the techniques attributed to processor 12 herein.
For example, processor 12 may include any one or more
microprocessors, digital signal processors (DSPs), ap-
plication specific integrated circuits (ASICs), field pro-
grammable gate arrays (FPGAs), or any other equivalent
integrated or discrete logic circuitry, as well as any com-
binations of such components. Memory 16 includes any
volatile or non-volatile media, such as a RAM, ROM, non-
volatile RAM (NVRAM), electrically erasable program-
mable ROM (EEPROM), flash memory, and the like.
Memory 16 may store computer readable instructions
that, when executed by processor 18 cause processor
12 to implement the techniques attributed to processor
12 herein.
[0029] Processor 12 is configured to generate weather
information (from which weather blocks may be gener-
ated) based on signals received from various aircraft
flight systems, such as based on radar reflectivity data
from radar system 14, based on weather information re-
ceived from a weather reporting service, based on weath-
er information received from other aircraft, or any com-
bination thereof. Although not specifically shown in FIG.
1, aircraft systems 30 may include a communication sys-
tem configured to receive weather information from the
weather reporting service, from other aircraft, or both.
Examples in which processor 12 generates the vertical
profile displays described herein based on weather in-
formation from radar system 14 are primarily described
herein. The techniques, however, may be applied to gen-
erate the vertical profile displays based on weather in-
formation from another source, such as a weather report-
ing service, from other aircraft, or both.
[0030] In the example shown in FIG. 1, radar system
14 includes antenna 22, receiver 24, transmitter 26, and

radar controller 28. Under the control of radar controller
28, transmitter 26 is configured to generate and transmit
radar signals 32 from antenna 22 into airspace proximate
the aircraft, and receiver 24 is configured to receive, via
antenna 22, return signals (reflectivity values) if a target
36 is present to scatter energy back to the receiver. Tar-
get 36 can be, for example, a weather object, and the
reflectivity data may corresponds to that portion of the
signal reflected back to the radar by liquids (e.g., rain)
and/or frozen droplets (e.g., hail, sleet, and/or snow) re-
siding in a weather object, such as a cloud or storm, or
residing in areas proximate to the cloud or storm gener-
ating the liquids and/or frozen droplets.
[0031] In some examples, radar controller 28 controls
transmitter 26 and receiver 24 to send and receive signals
32, 34, respectively, via the antenna 22 based on aircraft
data (e.g., position, heading, roll, yaw, pitch, and the like)
received from aircraft systems 30.
[0032] In some examples, radar controller 28 digitizes
the return signals 34 and sends the digitized signals to
processor 12. Processor 12 may receive the radar re-
turns data from radar system 14 and store the radar return
data in memory 16. In some examples, processor 12 may
translate the received return signals for storage in a three-
dimensional (3D) buffer in memory 16. For example, ra-
dar system 14 may be configured scan the entire 3D
space in front of the aircraft, and processor 12 may store
all reflectivity data in an earth-referenced 3D (or "volu-
metric") memory buffer. Processor 12 can update the
buffer with radar reflectivity data from new scans. In some
examples, processor 12 updates the data in the buffer
every 30 seconds, although other update frequencies
can also be used. Processor 12 can then extract reflec-
tivity data from the buffer to generate the desired weather
information without having to make and wait for view-
specific antenna scans. With the 3D volumetric buffer
data, the presentation of the vertical profile display is not
constrained to a single tilt-plane that is inherent to con-
ventional radar. This volumetric memory buffer enables
processor 12 to integrate weather returns on a vertical
profile display, as described herein.
[0033] Example 3D volumetric buffers, example radar
systems, or both, are described in U.S. Patent No.
4,940,987 to Frederick, U.S. Patent No. 5,202,690 to Fre-
derick, U.S. Patent No. 5,781,146 to Frederick, U.S. Pat-
ent No. 5,828,332 to Frederick, U.S. Patent No.
5,920,276 to Frederick, U.S. Patent No. 6,597,305 to
Szeto et al., U.S. Patent No. 6,667,710 to Cornell et al.,
U.S. Patent No. 6,690,317 to Szeto et al., U.S. Patent
No. 6,707,415 to Christianson, U.S. Patent No.
6,720,906 to Szeto et al., U.S. Patent No. 6,839,018 to
Szeto et al., U.S. Patent No. 8,068,050 to Christianson,
U.S. Patent No. 8,111,186 to Bunch et al., and U.S. Pat-
ent No. 8289202 to Christianson, the entire contents of
which are incorporated herein by reference.
[0034] Processor 12 is configured to determine weath-
er proximate aircraft 10 based on the radar reflectivity
data (also referred to herein as radar return data) provid-
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ed by radar system 14. For example, processor 12 may
identify the type of detected weather objects (also re-
ferred to herein as "weather cells" in some examples)
proximate the aircraft, such as rain/moisture, windshear,
or turbulence based on the radar reflectivity data and a
corresponding algorithmic interpretation of the reflectivity
values. An example technique that processor 12 may
implement to discriminate between different types of
weather using a Vertically Integrated Reflectivity (VIR)
calculation is described in U.S. Patent No. 8,068,050 to
Christianson et al., which issued on November 29, 2011
and is entitled, "METHODS AND SYSTEMS FOR DE-
TECTION OF HAZARD TO AVIATION DUE TO CON-
VECTIVE WEATHER," the entire content of which is
hereby incorporated by reference. VIR data includes the
sum of reflectivity values stored in a column of cells in
the three-dimensional buffer or an integration of the val-
ues in the column of cells is performed. Processor 12
may vertically integrate the product of reflectivity values
and altitude, each raised to some power.
[0035] User interface 18 is configured to present
weather information (e.g., a vertical profile display includ-
ing altitude-specific weather icons) to a user, who may
be a pilot of the aircraft, another flight crew member, or
may be located remotely from the aircraft, such as at a
ground control station. User interface 18 includes display
device 20, which can be, for example, one or more of a
liquid crystal display (LCD) or a light emitting diode (LED)
display configured to present visual information to the
user. Display device 20 can be provided by any suitable
device, such as, for example, one or more of a tablet
computing device, an electronic flight bag (EFB), a pri-
mary flight display (PFD), a multifunction display (MFD),
a navigation display, or any other suitable display. Dis-
play device 20 can be a head-up display, a head-down
display, or a head-mounted display.
[0036] In addition, in some examples, user interface
18 includes a speaker configured to deliver audible in-
formation, a sensory device configured to deliver infor-
mation via a somatosensory alert, or any combination
thereof. User interface 18 is configured to receive input
from a user. For example, user interface 18 can include
one or more of a keypad, buttons, a peripheral pointing
device or another input mechanism that allows the user
to provide input. The buttons may be dedicated to per-
forming a certain function, e.g., receiving user input in-
dicative of a specific type of input, or the buttons and the
keypad may be soft keys that change in function depend-
ing upon the section of a display currently viewed by the
user. In some examples, the display device of user inter-
face 18 may be a touch screen display configured to re-
ceive the input from a user.
[0037] As discussed below with reference to FIGS.
2-5B, processor 12 is configured to generate and
present, via display device 20, a vertical profile display
that illustrates one or more weather icons that indicate a
weather condition for a particular volume of space. Proc-
essor 12 may select the one or more weather icons for

the display based on the type of detected weather. For
example, processor 12 may select a type of weather icon
based on the radar reflectivity values associated with the
volume of space for which the weather icon is being gen-
erated. A weather icon includes visible indicia associated
with a particular type of weather condition. For example,
the weather icon can include one or more graphical at-
tributes (e.g., color coding, line weight, cross-hatching,
shading, shape, or the like) that indicates the type of
weather indicated by the weather icon. In some exam-
ples, processor 12 generates the vertical profile display
to include the one or more weather icons positioned with-
in the vertical profile display at the altitudes at which the
weather associated with the weather icon was detected.
In this way, in some examples, a vertical profile display
may include one or more weather icons, each weather
icon indicating a distinct weather condition for a respec-
tive volume of space, and each weather icon being dis-
played at an altitude that is the same altitude as the re-
spective distinct weather condition.
[0038] In addition, in some examples, the vertical pro-
file display includes a hazard band indication that indi-
cates the vertical (as measured in a direction away from
the ground) extent of hazardous weather detected based
on weather information from radar system 14 and/or
weather from one or more sources external to aircraft 10
(e.g., from other aircraft, a ground station, ground weath-
er systems, or any combination thereof). In some exam-
ples, the altitude-specific weather icons may be dis-
played in combination with the hazard band indication.
The hazard band indication includes an upper limit line
displayed at an altitude above which there is no hazard-
ous weather and, in some examples, includes another
lower limit line that indicates the altitude below which
there is no hazardous weather. In some examples, the
vertical profile display may further include additional in-
formation regarding the limit lines, such as a textual alti-
tude indication that indicates an altitude of one or more
limit lines.
[0039] In some examples, a vertical profile display may
illustrate detected weather as a plurality of weather
blocks. Each weather block indicates the weather in a
volume of space associated with the block. In some ex-
amples, the weather blocks each have the same height
and width. In other examples, the weather blocks may
have varying heights and widths, which may provide bet-
ter granularity of the weather information. In this example,
at least some of the weather blocks may have the same
heights and widths.
[0040] Each weather block may include one or more
graphical indicium (e.g., color coding, cross-hatching,
line weights, shading, or the like) that indicates the se-
verity of the weather in a volume of space represented
by the weather block. In some examples, processor 12
selects a color for each weather block based on the radar
reflectivity values associated with the volume of space
represented by the weather block. Processor 12 may, for
example, retrieve the weather reflectivity values for the
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volume of space from the 3D memory buffer. The color
of the weather block may indicate the strength of the radar
returns. In this way, the plurality of weather blocks may
be visually distinct from one another based on the sever-
ity of the weather information for the volume of space
represented by the weather block. Any suitable coloring
convention may be used. In one example, processor 12
may select blue or green for volumes of space from which
radar system 14 received relatively weak radar returns,
and red or magenta for volumes of space from which
radar system 14 received with relatively very strong radar
returns. Other coloring conventions may be used.
[0041] In addition, or instead, the pattern of the weather
blocks may indicate the severity of the weather in the
volumes of space associated with the volume blocks. For
instance, for a weather block representing relatively
heavy precipitation, processor 12 may generate the block
to have a pattern of dots spaced very closely together,
and for a weather block representing light precipitation,
processor 12 may generate the block to have a pattern
with dots spaced far apart. In other examples, other
graphical indicia may be used to indicate the different
severities of weather.
[0042] In some examples, weather blocks are dis-
played in conjunction with the altitude-specific weather
icons. In some examples in which a vertical profile display
generated by processor 12 includes both weather blocks
and one or more weather icons, the weather icons may
be associated with a specific weather block, such that
the weather icon indicates the type of weather detected
within the volume of space represented by the weather
block. For example, processor 12 may display the weath-
er icon in an associated weather block, next to an asso-
ciated weather block, or in another manner that indicates
the association between the weather icons and weather
blocks.
[0043] In some examples, as described in further detail
below, the vertical profile display includes a vertical pro-
file view of an expected flight path for an aircraft and
includes indications of primary weather and secondary
weather, where the indication of primary weather is vis-
ually distinct from the indication of secondary weather.
Primary weather may be weather that is within a prede-
termined altitude range of an aircraft’s expected flight
path. Secondary weather may be weather that is outside
of the predetermined altitude range of an aircraft’s ex-
pected flight path.
[0044] In addition, in some examples, the vertical pro-
file display includes a graphical indication of radar atten-
uation that represent where radar attenuation may have
caused the receiver 24 gain to reach its maximum value,
so further calibration of returns is not possible. Examples
of graphical indications of radar attenuation includes arcs
(also referred to herein as "REACT arcs"), vertical lines,
or both arcs and vertical lines. Processor 14 can imple-
ment any suitable technique to determine areas of radar
attenuation, such as, but not limited to, the Rain Echo
Attenuation Compensation Technique (REACT).

[0045] Any combination of the features of the vertical
profile display discussed above may be used with the
altitude-specific weather icons. System 10 is only one
example of a system configured to generate and present
a vertical profile display including altitude-specific weath-
er icons. Other systems including a different configura-
tion of components can also be used to generate the
vertical profile displays disclosed herein.
[0046] FIG. 2 is a flow diagram illustrating an example
technique for generating a vertical profile display, such
as vertical profile display 40 of FIG. 3 that includes alti-
tude-specific weather icons, in accordance with one or
more aspects of the present disclosure. While the tech-
nique is described as being performed by processor 12
(FIG. 1), in other examples, the technique shown in FIG.
2, as well as FIG. 4 and the other techniques described
herein, may be performed by another processor (e.g., a
processor of a ground station), alone or in combination
with processor 12. FIG. 2 is described with reference to
FIG. 3, which illustrates an example vertical profile dis-
play 40 that includes altitude-specific weather 56A- 56C
(collectively referred to as "weather icons 56"). In some
examples, processor 12 may generate vertical profile dis-
play 40 using the example technique shown in FIGS. 2
and 4.
[0047] As shown in FIG. 3, vertical profile display 40
depicts a vertical profile view of an airspace. The hori-
zontal cross-section that is depicted by vertical profile
display 40 can be any suitable magnitude, such as, but
not limited to, 300 nautical miles to 400 nautical miles.
Vertical profile display 40 includes a graphical indication
of the ownship 42, a graphical indication of a flight path
44, and a plurality of weather blocks 52, and a plurality
of weather icons 56. Weather blocks 52 include weather
blocks 52A, 52B, and 52C. In addition, display 40 in-
cludes altitude reference lines 54, and may, in some ex-
amples, also include one or more of horizontal distance
lines, a terrain depiction, graphical indications of other
aircraft, and the like.
[0048] Processor 12 may receive information from oth-
er various components, such as radar system 14 and
aircraft systems 30, as described above with regards to
FIG. 1, in order to determine and generate weather blocks
52 and weather icons 56.
[0049] Weather icons 56 each represents a type of
weather associated with a particular volume of space,
which, in the example shown in FIG. 3, is defined by a
weather block. Weather icons 56 each includes one or
more graphical indicium that enables the weather icon
to be displayed in a visually distinct manner, e.g., relative
to other weather icons and other portions of vertical pro-
file display 40.
[0050] In accordance with the technique shown in FIG.
2, processor 12 receives weather information from radar
system 14, from weather sources external to aircraft 10,
such as from a ground station, other aircraft, a satellite,
or a ground-based weather system, or any combination
thereof (60). The received weather information may in-
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clude weather for a plurality of voxels of space. Each
voxel represents a volume of space, and can have any
suitable dimensions. In some examples, the voxels can
have the same size and can be arranged in a three-di-
mensional grid. In some examples, the size of the voxels
may vary based on the distance from aircraft to the vol-
ume of space being represented to match the native res-
olution of the radar. For example, volumes of space clos-
er to the aircraft may appear as smaller voxels and further
volumes may appear as larger voxels. In some examples,
processor 12 defines the position of the voxels based on
geographic coordinate system. In other examples, proc-
essor 12 defines the position of the voxels relative to
each other.
[0051] In some examples, processor 12 selects the
voxels in one or more vertical planes of the 3D volumetric
memory buffer based on a flight path of the aircraft in
order to generate weather information in a vertical slice
relevant to the flight path of the aircraft. If, for example,
vertical profile display 40 displays a vertical profile view
of an unwound flight path, the voxels may be in more
than one plane. In the unwound flight path display, flight
path 44 may represent, for example, different legs of a
flight path (e.g., extending in different directions). In ad-
dition, in some examples, processor 12 identifies the vox-
els within a particular altitude range of the current position
of the aircraft for which the weather information is being
displayed, or displays the voxels from a particular altitude
to the ground.
[0052] For at least some of the volumes of space for
which the weather information pertains, processor 12 de-
termines a weather condition and an associated altitude
of the weather condition based on the received weather
information (62). In some examples, processor 12 only
determines the weather conditions for some volumes of
space shown in vertical profile display 40. The volumes
of space may be defined by, for example, the weather
blocks 52 shown in FIG. 3. For example, processor 12
may only determine the weather conditions for those vol-
umes of space in which hazardous weather is detected.
As another example, processor 12 may determine the
weather conditions for those volumes of space within a
certain altitude range of expected flight path 44 for aircraft
10.
[0053] Processor 12 may determine weather associ-
ated with each of the voxels determined above and group
the voxels together based on the radar reflectivity values
to define weather cells. Voxels within a predetermined
range of each other and having radar reflectivity values
within a particular range of each other may be grouped
together to define a common weather cell. The location
of the voxels of the 3D volumetric memory buffer asso-
ciated with a particular weather cell may indicate the al-
titude and other location information of the weather cell.
Thus, the location of the voxels may indicate the altitude
of a weather icon selected by processor 12 based on the
radar reflectivity values associated with the voxel in the
3D volumetric memory buffer. The weather associated

with each voxel may represent the average value of re-
flectivity in the volume of space represented by the voxel.
[0054] Processor 12 may determine the weather con-
dition for a particular volume of space using any suitable
technique. In some examples, processor 12 may deter-
mine the weather condition for a particular volume of
space based on the radar reflectivity values (signal
strengths) corresponding to the volume of space. For ex-
ample, a particular radar reflectivity values or range of
radar reflectivity values may be associated with a partic-
ular type of weather condition. Each type of weather con-
dition may be associated with a particular radar reflec-
tivity value or range of values, or a characteristic pattern
for radar reflection. Examples types of weather condi-
tions, but are not limited to, air turbulence, windshears,
microbursts, volcanic ash, storms, rain, snow, hail, low-
visibility areas, high-altitude ice crystals, and the like.
[0055] In the example shown in FIG. 3, processor 12
displays detected weather as a plurality of weather blocks
52. Processor 12 may select the weather information
stored by memory 16 corresponding to the volume of
space represented by the voxels in order to generate
weather blocks. In some examples, in order to show
weather that may be useful for providing situational
awareness for the flight crew of the aircraft, processor
12 may select the voxels associated with radar reflectivity
values above a predetermined threshold value (which
may be stored by memory 16) and generate the weather
blocks based on the selected voxels. As shown in vertical
profile display 40 of FIG. 3, some voxels may not be as-
sociated with any weather due to, e.g., the low radar re-
flectivity values.
[0056] In some examples, weather blocks 52 may each
have a set width of a number of voxels and a set height
of a number of voxels. In other examples, weather blocks
52 may have a set width of a number of voxels, but varying
heights. In yet other examples, weather blocks 52 may
have a set height of a number of voxels, but varying
widths. In addition, in other examples, at least two weath-
er blocks 52 may have different heights, widths, or both
heights and widths. Weather blocks 52 can have any
suitable configuration, and may be, for example, rectan-
gles, as shown in FIG. 3, squares, other parallelograms,
or the like.
[0057] In some examples, processor 12 generates a
separate weather block for each voxel. In other example,
processor 12 generates a weather block 52 based on a
plurality of adjacent voxels, which may include voxels
adjacent to each other in the vertical (altitude) direction,
the horizontal direction, or both. Processor 12 may, in
some examples, group adjacent voxels together to define
a common weather block if the voxels have radar reflec-
tivity values (e.g., an average for the voxel) within a pre-
determined range of each other, thereby indicating sub-
stantially the same weather was detected in the volumes
of space associated with the voxels. In display 40 shown
in FIG. 3, weather blocks 52A and 52C have the same
height (measured in the vertical direction) and width
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(measured substantially perpendicular to height), and
weather block 52B has a different height and width than
weather blocks 52A, 52C.
[0058] In some examples, processor 12 generates ver-
tical profile display 40 including weather blocks 52,
wherein weather blocks 52 are constructed out of the
voxels associated with weather and wherein weather
blocks 52 indicate the weather attributes associated with
the volumes of space represented by the one or more
voxels. Processor 12 can present the display 40 via dis-
play device 20 of user interface 18. Processor 12 deter-
mines the attributes for each weather block based on the
weather associated with the voxels defining the block.
For example, processor 12 may select a color, pattern,
or other graphical indicia for a weather block based on
the radar reflectivity values for the one or more voxels
defining the weather block. Memory 16 can store instruc-
tions for the color coding or other code used for the weath-
er block. For example, memory 16 may store a data struc-
ture that associates a plurality of radar reflectivity value
ranges with respective graphical indicia, and processor
12 may reference the data structure in order to generate
the weather blocks.
[0059] In examples in which processor 12 generates
a weather block 52 based on a plurality of adjacent vox-
els, if the voxels are associated with weather of varying
severity, then processor 12 may select the attributes of
the weather block to indicate the most severe weather
indicated by the voxels.
[0060] In the example shown in FIG. 3, weather block
52A has a different pattern than weather block 52B to
indicate that the volume of space associated with (and
represented by) weather block 52A has less severe
weather than the volume of space associated with weath-
er block 52B. In particular, block 52A has a less dense
pattern of dots than block 52B. Other graphical indicia
can be used in other examples. For example, processor
12 may generate weather block 52A having a green color
and weather block 52B having a red color; other coloring
conventions may be used in other examples.
[0061] As shown in FIG. 3, weather blocks 52 indicate
both the vertical and horizontal extent of detected weath-
er and present weather information in a manner that per-
mits a user to quickly and easily ascertain the approxi-
mate boundaries between different weather conditions
(e.g., severities). Parallelogram-shaped blocks 52 may
be useful for displaying the approximate boundaries
and/or severities between different weather conditions.
[0062] Processor 12 selects a weather icon based on
the determined type of weather condition (64). For ex-
ample, memory 16 (FIG. 1) of aircraft 10 may store a
plurality of different weather icons, each icon being as-
sociated with a respective type of weather condition or a
range of radar reflectivity values, and processor 12 may
select the weather icon from memory 12 based on the
determined type of weather or determined radar reflec-
tivity value. In some examples, processor 12 generates
display 40 to include weather icons for only certain types

of detected weather, such as hazardous weather. In other
examples, processor 12 generates display 80 to include
weather icons for all detected weather.
[0063] In the example of FIG. 3, processor 12 deter-
mines that the weather condition for the volume of space
associated with weather icon 56A is lightning, that the
weather condition for the volume of space associated
with weather icon 56B is also lightning, and that the
weather condition for the volume of space associated
with weather icon 56C is hail. Based on the determined
types of weather conditions, processor 12 generates ver-
tical profile display 40 including the weather icons 56A-
56C, each weather icon indicating a weather condition
for a volume of space and each weather icon being po-
sitioned at a particular altitude at which the weather in-
dicated by the weather icon was detected (66).
[0064] Processor 12 can present vertical profile display
40 via display device 20 of user interface 18. In some
examples, processor 12 periodically updates the weather
information indicated by display 40 based on an updated
flight path 44, updated radar reflectivity values, or both.
[0065] In the example of FIG. 3, weather icons 56A-
56C have similar configurations, e.g., boxes, but differ
from each other based on the graphical shapes of the
icons, the shapes indicating what type of hazardous
weather is present. However, in other examples, weather
icons 56A-56C may be displayed with other visual char-
acteristics. For instance, weather icons 56A-56C may be
shaped in a way that the shape represents the type of
hazardous weather present. For example, if a lightning
storm is detected, then processor 12 may generate ver-
tical profile display 40 to include a weather icon shaped
like a thunder bolt in the portion of display 40 correspond-
ing to the location of the hazardous weather cell. In an-
other example, if an area of high wind is detected, then
processor 12 may generate vertical profile display 40 to
include a weather icon shaped like a gust of wind in the
portion of display 40 corresponding to the location of the
gust of wind.
[0066] In the example of FIG. 3, vertical profile display
40 displays weather icons 56A and 56B that indicate de-
tected lightning in the respective weather blocks 52 rep-
resenting the volumes of space in which the lightning was
detected. Vertical profile display 40 further displays the
weather icon 56C, which indicates hail was detected, in
the weather block 52 representing the volume of space
in which the hail was detected. In other examples, weath-
er icons can represent air turbulence, windshears, mi-
crobursts, volcanic ash, storms, rain, snow, low-visibility
areas, high-altitude ice crystals, or the like.
[0067] In some examples, processor 12 determines
the altitudes of detected weather conditions (e.g., detect-
ed weather cells) based on a 3D volumetric buffer of
weather information. Processor 12 then uses those alti-
tudes and the weather cells to determine the altitude at
which weather icons 56A-56C should be displayed in ver-
tical profile display 40. In some examples, weather blocks
52 may be used as a guide for where to place weather
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icons 56A-56C. For instance, if a weather block repre-
sents a location for a particular type of hazardous weath-
er, then processor 12 may display a weather icon repre-
senting that particular type of hazardous weather at a
midpoint altitude of that weather block and overlaid on
top of the weather block. In another example, if a group
of adjacent weather blocks all represent a location for a
particular type of weather condition, then processor 12
may display a weather icon representing that particular
type of weather condition at some location within the
group of adjacent weather blocks and overlaid on top of
the weather blocks. In another example, if only a portion
of the weather block is associated with the particular type
of weather condition, processor 12 may display a weather
icon either at the particular altitude that the particular type
of weather condition is present at or at a general midpoint
of the weather block.
[0068] In some examples, the graphical attributes of
the plurality of weather blocks 52 may be configured to
depict different hazard levels of weather. Displaying
these weather blocks 52 in conjunction with altitude-spe-
cific weather icons 56A-56C may help a pilot more quickly
ascertain the type of weather associated with the weather
blocks, as well as the altitude of the detected weather.
[0069] As shown in FIG. 3, vertical profile display 40
may comprise a graphical indication of flight path 44 in
some examples. In the example shown in FIG. 3, the
graphical indication of flight path 44 includes a dashed
line that follows the expected trajectory of the aircraft
over time, starting from the current position of the aircraft
42. Flight path 44 illustrated in FIG. 3 includes an altitude
climb from a first altitude 70 to a second altitude 71 over
time.
[0070] A graphical depiction of flight path 44 in display
40 may allow a user to quickly ascertain, from display
40, the relationship between detected weather conditions
and the flight path of aircraft 10. For example, display 40
including a graphical depiction of flight path 44 may allow
a user to quickly determine, from viewing display 40,
whether hazardous weather cells are in the direct line of
the flight path. In some examples, processor 12 gener-
ates the graphical depiction of flight path 44 in a way that
visually distinguishes certain portions of flight path 44
based on the weather with which flight path 44 intersec-
tions. For instance, if a portion of flight path 44 intersects
with a hazardous weather cell (e.g., a weather block in-
dicating hazardous weather), that portion of the flight path
44 may be visually distinct from the remainder of the flight
path that is not intersecting a hazardous weather cell,
using characteristics such as color, line weight, or line
dashes to distinguish the two portions of the flight path.
Doing so may further allow the user to quickly compare
flight path 44 to see whether it will intersect with hazard-
ous weather cells and, if so, which parts of flight path 44
should be modified to avoid the hazardous weather.
[0071] Processor 12 may receive information regard-
ing flight path 44 of aircraft 10. Processor 12 may receive
the information regarding flight path 44 from aircraft sys-

tems 30 of the aircraft, from ground control (e.g., an air
traffic controller), via sources outside of the aircraft (e.g.,
via any suitable datalink), or from memory 16. Flight path
44 is the trajectory the aircraft is expected to take (e.g.,
intends to take) through space as a function of time and/or
distance, and can be defined by a flight plan of the aircraft,
pilot instructions, ground control instructions, other
sources, or any combination thereof. In some examples,
processor 12 infers flight path 44 from the present alti-
tude, vertical speed, and/or ground speed of the aircraft,
as indicated by data sources of aircraft systems 30.
[0072] In some examples, a vertical profile display,
such as vertical profile display 80 of FIG. 5A, may also
include additional features, such as hazard band indica-
tions, weather alerts, radar attenuation indications (which
may be arcs or vertical lines), indications of primary and
secondary weather, or any combination of the aforemen-
tioned features. Vertical profile display 80 includes an
indication of the aircraft 42, an indication of the flight path
44, an indication of an altitude band 46, an indication of
primary weather indication 48, indications of secondary
weather 50A, 50B, a plurality of weather blocks 52,
weather icons 56A-56C, attenuation arcs 58, weather
alerts 84 and 86, and a hazard band indication including
limit lines 88A and 88B. As with display 40, in other ex-
amples, display 80 may include a greater number of fea-
tures, or a fewer number of features, e.g., display 80 may
not include one or more of graphical indications of the
aircraft 42, the flight path 44, the altitude band 46, primary
weather 48, or secondary weather 50A, 50B.
[0073] FIG. 4 is a flow diagram illustrating an example
technique for generating a vertical profile display, such
as vertical profile display 80 of FIG. 5A that includes haz-
ard band indications, in accordance with one or more
aspects of the present disclosure. In accordance with the
technique shown in FIG. 4, processor 12 receives weath-
er information from radar system 14, or weather sources
external to aircraft 10 (60), as described with respect to
FIG. 2. Processor 12 detects hazardous weather cells
based on the received weather information (74). Some
weather cells, such as air turbulence, windshears, micro-
bursts, volcanic ash, storms, rain, snow, hail, low-visibility
areas, or high-altitude ice crystals, may be referred to as
"hazardous weather" because of its relative severity and
its impact on air travel. Processor 12 can determine,
based on the received weather information, information
regarding the hazardous weather cells, such as the lo-
cation, the severity, the type of weather, and the vertical
extent of the detected hazardous weather cells. Voxels
within a predetermined range of each other and having
radar reflectivity values indicative of hazardous weather
may be grouped together to define hazardous weather
cells. In this way, the location of the voxels associated
with radar reflectivity values indicating hazardous weath-
er, the number of these voxels grouped together, and
other aspects of the voxels may indicate the location of
hazardous weather cells and the vertical extent of the
hazardous weather cells.
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[0074] Processor 12 determines a first altitude based
on the hazardous weather cells, with the first altitude be-
ing a highest altitude of the detected hazardous weather
cells within at least the flight path 44 of aircraft 10 (76).
The highest altitude represents the top of the vertical ex-
tent of the detected hazardous weather cells. In some
examples, processor 12 determines the first altitude
based on only hazardous weather cells that intersect with
flight path 44 of aircraft 10 or are within a predetermined
distance range of the expected flight path 44. Processor
12 can determine flight path 44 based on information
from aircraft systems 30 (FIG. 1), such as a FMS. In other
examples, processor 12 determines the first altitude
based on all hazardous weather cells detected based on
the received weather information, where the hazardous
weather cells may not intersect with flight path 44 of air-
craft 10. In some examples, processor 12 may also de-
termine a lowest altitude of the detected hazardous
weather cells to be used with respect to lower limit line
88B, described below with respect to FIGS. 4-5B (77).
[0075] Processor 12 generates vertical profile display
80 including a hazard band indication based on the de-
termined highest altitude of the detected hazardous
weather cells (78). For example, in the example shown
in FIG. 5A, processor 12 generates vertical profile display
80 including upper limit line 88A positioned within display
40 at a second altitude greater than or equal to the first
altitude. Processor 12 can present the display 80 via dis-
play device 20 of user interface 18. In some examples,
processor 12 periodically updates the weather informa-
tion indicated by display 80 based on an updated flight
path 44, updated radar reflectivity values, or both.
[0076] Vertical profile display 80 that provides upper
limit line 88A may provide a relatively simple visual indi-
cation of hazardous weather cells, from which a pilot may
relatively quickly ascertain the altitude of hazardous
weather cells. In some cases, it may not be advisable to
fly below a hazardous weather cell. Therefore, it may be
beneficial for a pilot to have a simple indication that shows
a pilot an altitude at which aircraft 10 must be flown well
over in order to avoid flying into or under a hazardous
weather cell.
[0077] By placing upper limit line 88A at a second al-
titude greater than or equal to the first altitude determined
in step 76, upper limit line 88A will be placed at or above
the highest altitude of the detected hazardous weather
cells. This may allow a pilot to relatively quickly deter-
mine, based on vertical profile display 80, an altitude
above which there will be no weather hazards, e.g., con-
vective cells, which may allow the pilot to formulate a
flight strategy that takes into consideration the vertical
extent of detected weather cells. Hazards from convec-
tive weather cells may propagate well beyond the hori-
zontal and vertical dimensions of a cell. Upper limit line
88A, alone or in combination with lower limit line 88B,
may also provide a pilot with a vertical "keep-out" area,
or a range of altitudes at which flight should be avoided,
if possible.

[0078] In some examples, processor 12 displays upper
limit line 88A, which defines the upper bound of the haz-
ard band indication, at the first altitude, such that the sec-
ond altitude is equal to the first altitude. In other exam-
ples, processor 12 displays upper limit line 88A above
the first altitude, which may help ensure that upper limit
line 88A bounds the detected hazardous weather cells,
e.g., by providing a buffer that may that may help account
for any potential inaccuracies in the hazardous weather
detection. In addition, displaying upper limit line 88A
above the first altitude may be useful for situations in
which it may not be advisable to fly directly above a haz-
ardous weather cell (e.g., due to potentially unstable air).
Upper limit line 88A may provide a simple indication of
an altitude above which there is no hazardous weather,
so that the pilot may fly aircraft 10 above that indicated
altitude.
[0079] In some examples, system 10 may be config-
ured such that a user may select the vertical margin be-
tween the second altitude and the first altitude. In this
way, the user may select the vertical margin, or amount
of buffer, between the detected hazardous weather and
upper limit line 88A and the highest altitude of detected
hazardous weather. In response to receiving user input,
via user interface 18, indicating the vertical margin, proc-
essor 12 may generate and display upper limit line 88A
at a second altitude that is greater than the first altitude
by the selected vertical margin.
[0080] In a weather radar display that presents radar
reflectivity information by color (indicative of the strength
of the radar returns), even in a vertical profile display, it
may be difficult to determine the vertical extent of the
hazardous weather cell. For example, the border be-
tween the relatively hazardous weather cells and the rel-
atively non-hazardous weather may be unclear due to
the irregular nature of the border. In contrast, vertical
profile display 80 including upper limit line 88A may depict
hazardous weather information in a manner that may en-
able a pilot to relatively quickly ascertain the vertical ex-
tent of hazardous weather. Upper limit line 88A may elim-
inate the need for a pilot (or other user) to first determine
the hazardous weather cells and then filter through the
hazardous weather to determine the relevant weather
and altitudes. Upper limit line 88A blocks off airspace
based on an upper limit of detected hazardous weather
cells and the ground, thereby enabling the pilot to easily
determine how to deviate around the hazardous weather
cells and any downdrafts below the hazardous weather
cell.
[0081] In some examples, such as the example shown
in FIG. 5A, upper limit line 88A extends horizontally
across the entirety of vertical profile display 80. However,
in other examples, upper limit line 88A may extend hor-
izontally across only a portion of vertical profile display
80. For instance, in some examples, upper limit line 88A
may extend horizontally across a portion of vertical profile
display 80, such as the portion associated with the loca-
tion of the one or more detected hazardous weather cells.
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In other examples, upper limit line 88A may only extend
horizontally to a location on vertical profile display 80 at
which a pilot must begin an ascent to navigate safely
above the hazardous weather cell.
[0082] In some examples, the hazard band indication
provided by vertical profile display 80 also includes lower
limit line 88B that indicates an altitude below which there
is no hazardous weather. Processor 12 may determine
a third altitude below which there is no hazardous weath-
er, and generate and display a lower limit line 88B at a
fourth altitude that is less than or equal to the third altitude.
lower limit line 88B may represent a lower bound of the
vertical extent of the detected one or more hazardous
weather cells. Such an indication may be useful in some
cases, e.g., when aircraft 10 may not be able to fly above
a hazardous weather cell or when aircraft 10 is landing.
Such an indication can be provided by lower limit line 88B.
[0083] In some examples, such as the example of FIG.
5A, lower limit line 88B may be at ground level, having
an altitude of 0 meters. However, in other examples, low-
er limit line 88B may be at another altitude below which
there are no hazardous weather cells, such as at or near
the bottom of a hazardous weather cell. In some exam-
ples, such as the example of FIG. 5A, lower limit line 88B
extends horizontally across the entirety of vertical profile
display 80. However, in other examples, lower limit line
88B may extend horizontally across only a portion of ver-
tical profile display 80, as described above with respect
to upper limit line 88A.
[0084] In combination, limit lines 88A and 88B may de-
fine a hazard block, which indicates a range of altitudes
for which flight should be avoided, as hazardous weather
cells are located within that range. In some examples,
vertical profile display 80 may further include a textual
altitude indication 90 which may disclose the altitude of
the one or more limit lines. In the example of FIG. 5A,
textual altitude indication 90 indicates the altitude of up-
per limit line 88A. The text can be located adjacent to the
respective limit lines 88A, 88B, or within the band itself.
[0085] In some examples, processor 12 generates limit
lines 88A and 88B to have a particular graphical attribute
(e.g., color coding, line weight, pattern, shading, or the
like) that is indicative of the severity or type the hazardous
weather bounded by the bands 88A, 88B.
[0086] In the example shown in FIG. 5A, vertical profile
display 80 also includes an indication of primary weather
48 and indications of secondary weather 50A, 50B. Proc-
essor 12 determines primary weather 48 based on
weather information from the volume of space within al-
titude band 46 and determines secondary weather 50A,
50B based on weather information from the volume of
space outside of altitude band 46. For example, proces-
sor 12 may compare the location of each voxel of a plu-
rality of voxels to the location of flight path 44 and altitude
band 46 to determine whether the weather associated
with each particular voxel is primary weather (as indicat-
ed by weather indication 48) or secondary weather (as
indicated by weather indications 50A and 50B). In other

examples, display 40 does not include the indications of
primary and secondary weather. Displaying limit lines
88A, 88B with the indications of primary and secondary
weather may help indicate whether limit lines 88A, 88B
indicate hazardous weather associated with primary
weather or secondary weather.
[0087] In the example shown in FIG. 5A, vertical profile
display 80 includes a graphical indication of altitude band
46, which is shown as a first line above flight path 44 and
a second line below flight path 44. Flight path 44 may be
equidistant from the first and second lines. Processor 12
may determine altitude band 46 around flight path 44.
The altitude band 46 may be a range of altitudes that
includes flight path 44 (defined between a bottom altitude
and a bottom altitude). Band 46 defines a corridor (or
envelope) in the vicinity of the flight path 44, and may
extend above and below flight path 44. In some exam-
ples, at each point along flight path 44, altitude band 46
can be centered at the altitude of flight path 44. In other
examples, band 46 is not centered with respect to flight
path 44, but, instead, may include a greater altitude range
above or below flight path 44.
[0088] In vertical profile display 40, indications of sec-
ondary weather 50A, 50B are visually distinct from the
indication of primary weather 48. As a result, a user may
view display 80 and relatively quickly differentiate be-
tween primary weather and secondary weather. In addi-
tion, the display of flight path 44 in conjunction with pri-
mary weather 48 may help a pilot determine whether the
weather along flight path 44 will make it necessary to
divert from the planned route.
[0089] Processor 12 may generate the indications of
secondary weather 50A, 50B to be visually distinct from
the indication of primary weather 48 using any suitable
technique. In some examples, the indications of second-
ary weather 50A, 50B may be visually distinct from the
indication of primary weather 48 by the inclusion of a
crosshatch pattern. As shown in FIG. 3, processor 12
included a crosshatch pattern over the portion of weather
blocks 52 outside of altitude band 46 to show the sec-
ondary weather.
[0090] In other examples, the indications of secondary
weather 50A, 50B may be visually distinct from the indi-
cation of primary weather 12 by the inclusion of a striped
pattern over the portion of weather blocks 52 outside of
altitude band 46. Other visual distinctions could be pro-
vided by different colors for the portions of weather blocks
52 inside altitude band 46 (primary weather) and outside
of altitude band 46 (secondary weather), different inten-
sities of color (e.g., muted colors for secondary weather),
varying clarity (e.g., blurring the portions of weather
blocks 52 outside altitude band 46 to indicate secondary
weather 50A, 50B), the inclusion of other patterns over
the portions of weather blocks 52 outside weather band
46 to provide indications of secondary weather 50A, 50B,
the inclusion of other patterns over the portions of weath-
er blocks 52 inside weather band 46 to provide indications
of primary weather 48, or any combination of the above
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techniques.
[0091] In the example of FIG. 5A, a single block 52
may represent both primary weather and secondary
weather, e.g., due to the way in which flight path 44 ex-
tends through weather blocks 52. In other examples,
processor 12 may generate weather blocks 52 such that
a single weather block only represents one of primary
weather or secondary weather.
[0092] The magnitude of band 46 to be inclusive of
weather that may be relevant to the flight of the aircraft.
For instance, altitude band 46 may define a range of al-
titudes in which hazardous weather may affect the flight
of the aircraft. In some examples, the magnitude of alti-
tude band 46 may be predetermined and stored by mem-
ory 16. In other examples, processor 12 may dynamically
determine the magnitude of altitude band 46 based on
one or more factors, such as, but not limited to, the type
of aircraft for which the weather display is being gener-
ated, the current weather conditions, and the like. In some
examples, altitude band 46 has a magnitude of 2500 me-
ters (or about 8,000 feet) and includes extends approx-
imately 1,250 meters (or about 4,000 feet) above flight
path 44 and approximately 1,250 meters (or about 4,000
feet) below flight path 44. In other examples, such as
when the aircraft is either taking off or landing, altitude
band 46 may have a magnitude of 3000 meters (or about
10,000 feet) and extend approximately 3,000 meters
above ground level. In still other examples, such as when
the aircraft is cruising at high altitudes, the band may
have a fixed bottom altitude of approximately 7,500 me-
ters (or about 25,000 feet). Other magnitudes and posi-
tions relative to flight path 44 can also be used in other
examples.
[0093] Altitude band 46 may have a uniform magnitude
in some examples. In other examples, altitude band 46
may have a varying magnitude (between the top and bot-
tom altitudes). For example, altitude band 46 may expand
at certain altitudes, at certain flight path angles, or both.
Although vertical profile display 80 shown in FIG. 5A il-
lustrates graphical indications of flight path 44 and alti-
tude band 46, in other examples, display 80 may not in-
clude one or both of these graphical indications.
[0094] In the example of FIG. 5A, in response to de-
termining primary weather 48 includes hazardous weath-
er 82, processor 12 can generate vertical profile display
80 to include an alert that indicates that if the aircraft
remains on flight path 44, the aircraft may encounter a
weather hazard. In FIG. 5A, processor 12 generated dis-
play 80 to include hazard alerts 84 and 86. In some ex-
amples, processor 12 generates alerts 84, 86 (or other
alerts) only if determining the hazardous weather is within
a particular horizontal distance range (e.g., about 100
nautical miles) of the current position of the aircraft. In
this way, the alerting envelope could be bounded by a
distance range constraint.
[0095] Hazard alert bar 84 may highlight, for example,
a horizontal bound of one or more detected weather haz-
ards. For example, hazard alert bar 84 can have a par-

ticular color or other indicia that causes bar 84 to stand
out from display 84. In addition, processor 12 may select
the width (as measured in a direction substantially per-
pendicular to the altitude lines shown in FIG. 5A) of haz-
ard alert bar 84 and position relative to the indication of
aircraft 42 or flight path 44 to indicate the horizontal
bounds of one or more detected weather hazards. A user
may determine, for example, the hazardous weather alert
applies to the part of flight path 44 aligned with the far
left side of alert bar 84 and ends at the part of flight path
44 aligned with the far right side of bar 84.
[0096] Hazard alert message 86 may include text or
other graphical indicia (e.g., symbols) that indicate a
weather hazard has been detected. As shown in FIG.
5A, in some examples, hazard alert message 86 may
contain a generic textual message, such as "WEATHER
AHEAD." In other examples, hazard alert message 86
may contain a message more specific to the detected
type of weather hazard, such as "HAIL AHEAD" if proc-
essor 12 determines the weather information indicates
that a hail storm is in altitude band 46. In still other ex-
amples, such as the example of FIG. 5A, if processor 12
determines that the indication of primary weather 48 in-
cludes hazardous weather 82, then processor 12 may
generate hazard alert bar 84 together with hazard alert
message 86. In some examples, hazard alert message
86 may be audibly output by processor 12 through some
audio output device of user interface 18. Hazard alert
message 86 may also be a time-based or a distance-
based alert, whether it be audibly output, visually output,
or both.
[0097] In other examples of vertical profile display 80,
display 80 may include only one of the alerts 84, 86 in-
stead of both, as shown in FIG. 5A.
[0098] In some examples, processor 12 may perform
a "look-ahead" function, wherein processor 12 accesses
the weather information in the 3D volumetric buffer for
information regarding possible hazardous weather cells
that exist beyond the extent of the boundaries displayed
by vertical profile display 80. From the results of the "look-
ahead" function, processor 12 may output, for display by
vertical profile display 80, a textual or pictorial indication
of an altitude of the upcoming hazardous weather, a hor-
izontal distance until the upcoming hazardous weather
is displayer and/or reached, a time until the upcoming
hazardous weather is displayed and/or reached, or a
combination of the above indications. These indications
may be provided by alerts 84, 86 or different alerts.
[0099] As shown in FIG. 5A, in some examples, proc-
essor 12 may generate vertical profile display 80 to in-
clude a graphical indication of potential radar attenuation
58. Processor 12 can implement any suitable technique
to detect potential radar attenuation and generate indi-
cation 58, such as those described in U.S. Patent Appli-
cation Publication No. 2010/0201565 by Ratan Khatwa,
which is entitled, "ALERTING OF UNKNOWN WEATH-
ER DUE TO RADAR ATTENUATION" and was filed on
February 6, 2009, the entire content of which is incorpo-
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rated herein by reference.
[0100] Although the example of vertical profile display
80 shown in FIG. 5A includes both weather blocks 52
and indications of primary and secondary weather 48,
50A, 50B, in other examples, a vertical profile display
including a hazard band indication and altitude-specific
weather icons may display weather information in anoth-
er manner. FIG. 5B illustrates another example vertical
profile display 81, which includes a hazard band indica-
tion (and, in particular, limit lines 92A, 92B) displayed in
conjunction with radar reflectivity information 94 and
weather icons 100A, 100B. Processor 12 generates the
radar reflectivity information shown in vertical profile dis-
play 81 by at least selecting a color of a displayed voxel
based on the radar reflectivity values associated with the
voxel.
[0101] In the example shown in FIG. 5B, weather icon
100A indicates a weather condition including precipita-
tion and weather icon 100B indicates a weather condition
including lightening. Altitudes-specific weather icons
100A, 100B are each displayed within vertical profile dis-
play 81 at a position that corresponds to the altitude of
the weather condition indicated by weather icon. In con-
trast to vertical profile display 40 (FIG. 3), weather icons
100A, 100B are not displayed within weather blocks, but,
rather, are displayed adjacent to the radar reflectivity in-
formation 94 from which the weather condition was de-
tected. In some examples, processor 12 may generate
vertical profile display 81 such that one or both weather
icons 100A, 100B are displayed within (rather than ad-
jacent to) the radar reflectivity information 94.
[0102] Processor 12 may determine the altitudes at
which weather icons 100A, 100B, as well as other weath-
er icons described herein, are displayed using any suit-
able technique. In some examples, processor 12 gener-
ates display 81 to include a particular weather icon at
one of: the highest altitude of the weather cell associated
with the weather icon, the lowest altitude of the weather
cell, the average altitude of the weather cell, or any other
altitude representative of the altitude of the weather in-
dicated by weather icons 100A, 100B.
[0103] In some examples, processor 12 is configured
to modify the size of weather icons 100A, 100B based
on the vertical extent of the weather condition indicated
by the weather icons. The vertical extent can be, for ex-
ample, the range of altitudes the weather condition cov-
ers. Processor 12 may, for example, generate weather
icon 100A having a vertical size (as measured in the di-
rection in which altitude is measured within display 81)
that corresponds to the precipitous weather cell indicated
by weather cell 96A. The larger the weather cell, the
greater the vertical dimension (and, in some examples,
the horizontal dimension) of the weather icon.
[0104] FIG. 5B illustrates a different configuration of
limit lines 92A, 92B than FIG. 5A. For example, in contrast
to limit lines 88A, 88B (FIG. 5A), limit lines 92A, 92B do
not extend across the entire horizontal extent of vertical
profile display 81, but, rather, only across the region in

which the hazardous weather cells 96A, 96B were de-
tected. The length (measured in the horizontal direction,
perpendicular to the direction in which altitude is shown
in vertical profile display 81) of limit lines 92A, 92B may
vary in different examples. For example, a user may pro-
vide input, via user interface 18, indicating a length of
each of the displayed limit lines 92A, 92B and, in re-
sponse to receiving the user input, processor 12 may
generate limit lines 92A, 92B to have the selected hori-
zontal extent. Limit lines 92A, 92B may, but need not,
have the same lengths.
[0105] In yet another example, processor 12 may au-
tomatically adjust the length of limit lines 92A, 92B based
on one or more variables, such as a quality of the weather
information, a severity of the weather information, a
speed of an aircraft, a current altitude, a number of haz-
ards in a vicinity of the aircraft, a size of the aircraft, a
size of the weather information., or any combination of
the above variables, among other things. For instance,
processor 12 may generate relatively long limit lines 92A
and 92B if the quality of the weather information is rela-
tively low, if the severity of the weather information is
relatively high, if the aircraft is traveling faster than a par-
ticular speed threshold, if the current altitude is within a
particular threshold altitude of the altitude of the limit line,
if there are a relatively large amount of hazards (e.g., at
least a threshold number of hazardous weather cells) in
the vicinity of aircraft 10, if aircraft 10 is relatively large,
or any combination thereof. For example, processor 12
may be configured to generate limit lines having prede-
termined lengths, and processor 12 may select from the
predetermined lengths based on one or more of the fac-
tors discussed above.
[0106] In vertical profile display 81, lower limit line 92B
is not displayed at the ground, but, rather, at an altitude
above ground. As discussed above, processor 12 can
display lower limit line 92B at an altitude that is selected
to be a predetermined distance (e.g., stored by memory
16) below the lowest vertical extent of detected hazard-
ous weather cells 96A, 96B.
[0107] Vertical profile display 81 also differs from ver-
tical profile display 80 (FIG. 5A) in that display 81 includes
a plurality altitude indications 98 along the vertical axis
of the display. Altitude indications 98 may provide the
altitude of different portions of the display, as opposed
to altitude indication 90, which indicates the altitude of a
particular upper limit line 92A. In addition, in some ex-
amples, displays 40, 81 may also include horizontal dis-
tance indications along the horizontal axis of the vertical
profile displays.
[0108] In some examples, processor 12 is configured
to generate a vertical profile display including the different
types of weather information presentations (e.g., altitude-
specific weather icons, weather blocks, radar reflectivity
information, a hazard band indication, radar attenuation
indications, indications of primary and secondary weath-
er, and weather alerts) indicated by user input. For ex-
ample, processor 12 may display, via display device 20
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of user interface 18 (FIG. 1), a list of available types of
weather information presentations and, in response to
receiving the user input, processor 12 may generate the
vertical profile display to include the types of weather
information presentations selected by the user. The
weather information presentation types may be com-
bined in any suitable manner to define different vertical
profile display types.
[0109] In one or more examples, the functions de-
scribed may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted
over, as one or more instructions or code, a computer-
readable medium and executed by a hardware-based
processing unit. Computer-readable media may include
computer-readable storage media, which corresponds
to a tangible medium such as data storage media, or
communication media, which includes any medium that
facilitates transfer of a computer program from one place
to another, e.g., according to a communication protocol.
In this manner, computer-readable media generally may
correspond to (1) tangible computer-readable storage
media, which is non-transitory or (2) a communication
medium such as a signal or carrier wave. Data storage
media may be any available media that can be accessed
by one or more computers or one or more processors to
retrieve instructions, code and/or data structures for im-
plementation of the techniques described in this disclo-
sure. A computer program product may include a com-
puter-readable storage medium.
[0110] By way of example, and not limitation, such
computer-readable storage media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage, or other magnetic storage devic-
es, flash memory, or any other medium that can be used
to store desired program code in the form of instructions
or data structures and that can be accessed by a com-
puter. Also, any connection is properly termed a compu-
ter-readable medium. For example, if instructions are
transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technolo-
gies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wire-
less technologies such as infrared, radio, and microwave
are included in the definition of medium. It should be un-
derstood, however, that computer-readable storage me-
dia and data storage media do not include connections,
carrier waves, signals, or other transient media, but are
instead directed to non-transient, tangible storage media.
Disk and disc, as used herein, includes compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and Blu-ray disc, where disks usually repro-
duce data magnetically, while discs reproduce data op-
tically with lasers. Combinations of the above should also
be included within the scope of computer-readable me-
dia.
[0111] Instructions may be executed by one or more

processors, such as one or more digital signal processors
(DSPs), general purpose microprocessors, application
specific integrated circuits (ASICs), field programmable
logic arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, the term "processor,"
as used herein may refer to any of the foregoing structure
or any other structure suitable for implementation of the
techniques described herein. In addition, in some as-
pects, the functionality described herein may be provided
within dedicated hardware and/or software modules. Al-
so, the techniques could be fully implemented in one or
more circuits or logic elements.
[0112] The techniques of this disclosure may be im-
plemented in a wide variety of devices or apparatuses,
including an integrated circuit (IC) or a set of ICs (e.g., a
chip set). Various components, modules, or units are de-
scribed in this disclosure to emphasize functional aspects
of devices configured to perform the disclosed tech-
niques, but do not necessarily require realization by dif-
ferent hardware units. Rather, as described above, var-
ious units may be combined in a hardware unit or pro-
vided by a collection of interoperative hardware units,
including one or more processors as described above,
in conjunction with suitable software and/or firmware.
[0113] Various examples of the disclosure have been
described. These and other examples are within the
scope of the following claims.

Claims

1. A method comprising:

receiving, by a processor, weather information;
and
generating, by the processor, a vertical profile
display based on the weather information,
wherein the vertical profile display comprises
one or more weather icons, each weather icon
indicating a weather condition for a volume of
space at a particular altitude, and wherein gen-
erating the vertical profile display comprises po-
sitioning each weather icon within the vertical
profile display at a portion of the vertical profile
display corresponding to the particular altitude.

2. The method of claim 1, wherein the weather infor-
mation comprises at least one of radar reflectivity
data generated by a radar system onboard an air-
craft, weather information from one or more other
aircraft, or weather information from a weather re-
porting service.

3. The method of any of claims 1 or 2, wherein the
weather condition comprises a plurality of weather
cells, wherein generating the vertical profile display
comprises:
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determining, based on the weather information,
a type of each of the weather cells and, for each
of the weather cells, an altitude of the weather
cell; and
selecting a weather icon for each of the weather
cells based on the type of weather cell; and
positioning the weather icons within the vertical
profile view at portions of the vertical profile view
corresponding to the respective altitudes.

4. The method of any of claims 1-3, wherein generating
the vertical profile display comprises generating the
vertical profile display including a hazard band indi-
cation, wherein generating the hazard band indica-
tion comprises determining, by the processor, a first
altitude above which there is no hazardous weather
detected based on the weather information, wherein
the hazard band indication includes an upper limit
line positioned within the vertical profile display at a
position that corresponds to a second altitude great-
er than or equal to the first altitude.

5. The method of any of claims 1-4, wherein generating
the vertical profile display comprises:

identifying a plurality of voxels of space;
determining, based on the weather information,
weather associated with each voxel of space;
selecting, by the processor, a visual character-
istic for each of the weather blocks based on a
severity of the weather for the volume of space
associated with the respective weather block;
generating the vertical profile display comprising
a plurality of weather blocks, each weather block
of the plurality of weather blocks indicating
weather in a volume of space associated with
the weather block, and wherein each weather
block of the plurality of weather blocks has the
selected visual characteristics based on the vox-
els and the weather associated with each voxel;
and
positioning the one or more weather icons in a
respective one of the weather blocks based on
the particular altitudes of the weather conditions
associated with the one or more weather icons
and the volumes of space indicated by the
weather blocks.

6. The method of any of claims 1-5, wherein generating
the vertical profile display comprises determining, by
the processor, an altitude band around a flight path
of an aircraft, wherein the vertical profile display fur-
ther comprises a vertical profile view of the flight path,
an indication of primary weather located within the
altitude band, and an indication of secondary weath-
er located outside of the altitude band, wherein the
indication of the secondary weather is visually dis-
tinct from the indication of the primary weather.

7. A system comprising:

a display; and
a processor configured to receive weather infor-
mation, generate a vertical profile display based
on the weather information, and present the ver-
tical profile display via the display, wherein the
vertical profile display comprises one or more
weather icons, each weather icon indicating a
weather condition for a volume of space at a
particular altitude, and wherein each weather
icon is positioned within the vertical profile dis-
play at the particular altitude.

8. The system of claim 7, wherein the weather condition
comprises a plurality of weather cells, wherein the
processor is configured to generate the vertical pro-
file display by at least:

determining, based on the weather information,
a type of each of the weather cells and, for each
of the weather cells, an altitude of the weather
cell, and
selecting a weather icon for each of the weather
cells based on the type of weather cell, and
positioning the weather icons within the vertical
profile view at portions of the vertical profile view
corresponding to the respective altitudes.

9. The system of any of claims 7 or 8, wherein the proc-
essor is further configured to generate the vertical
profile display by at least generating a hazard band
indication, wherein the processor is configured to
generate the hazard band indication by at least de-
termining a first altitude above which there is no haz-
ardous weather detected based on the weather in-
formation, wherein the hazard band indication com-
prises upper limit line positioned within the vertical
profile display at a position that corresponds to a
second altitude greater than or equal to the first al-
titude

10. The system of any of claims 7-9, wherein the proc-
essor is configured generate the vertical profile dis-
play to include a plurality of weather blocks, each
weather block of the plurality of weather blocks indi-
cating weather in a volume of space associated with
the weather block, and wherein the processor is fur-
ther configured to position the one or more weather
icons in a respective one of the weather blocks based
on the particular altitudes of the weather conditions
associated with the one or more weather icons and
the volumes of space indicated by the weather
blocks.

11. The system of any of claims 7-10, wherein the proc-
essor is configured to generate the vertical profile
display by at least comprises determining an altitude
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band around a flight path of an aircraft, wherein the
vertical profile display further comprises a vertical
profile view of the flight path, an indication of primary
weather located within the altitude band, and an in-
dication of secondary weather located outside of the
altitude band, wherein the indication of the second-
ary weather is visually distinct from the indication of
the primary weather.
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